A prospective randomized controlled trial was conducted in women undergoing emergency and elective caesarean section to determine whether epidural morphine predisposes to postoperative herpes simplex labialis and whether the risk is increased or decreased by previous oral herpes or pruritus. Following cannulation of the epidural space, analgesia for labour and/or caesarean section was induced in two groups of similar age, parity, preoperative status and anaesthetic. According to tables of random numbers, 386 were allocated to receive parenteral morphine and 425 to receive epidural morphine. Postoperative herpes labialis was diagnosed by laboratory culture and microscopy. Patients who received epidural morphine were 11.5 times (95% Cl 2.6-49.4) more likely than the parenteral morphine group to suffer herpes labialis. A past history of oral herpes increased the risk of herpes labialis by 8.6 times . When the influence of past herpes infection and route of morphine were taken into account, no separate association between pruritus and herpex simplex labialis could be demonstrated.
Epidural morphine for analgesia after caesarean section has gained widespread popularity, permitting early mobilization and infant care without delayed respiratory depression reported in other patient age groups 1.2. Retrospective and prospective studies 3 -5 have shown an association between epidural morphine and post partum reactivation of herpes simplex labialis (HSL).
The purpose of this study was to compare prospectively, the incidence of HSL after morphine was administered via the epidural or parenteral routes, to see if a past oral herpes infection predisposes or protects a patient from puerperal HSL and whether the route of morphine use affects this. Finally the role of pruritus was tested in the occurrence of HSL. No dose response was sought for morphine and severity of pruritus, or morphine and HSL. There was no intention to measure and compare relative safety, analgesic efficacy and other side-effects between the two routes of morphine administration.
Crone et al 4 suggest an association between the use of epidural morphine, facial pruritus and reactivation of HSL. Therefore the role of pruritus was tested in the occurrence of HSL.
METHOD
The 9070 to 10% incidence of HSL reported pre-viously3.4.5 indicated that each treatment group would need to contain approximately 400 patients to detect a significant difference between groups (P=O.OOI) with a power of 80%. Patients gave informed consent to the study which was approved by the Hospital Research Ethics Committee. Eight hundred and sixteen patients undergoing emergency and elective caesarean section under epidural anaesthesia were randomly allocated to the epidural or parenteral morphine group. Each patient was serially allocated a random number taken from tables of random numbers 6 , those with an even number to be given parenteral, and an odd number, epidural morphine. Patients were excluded if morphine was contraindicated. The dose of morphine and other intraand postoperative drugs were chosen by the anaesthetist but the allocated route of intra-and postoperative morphine was strictly adhered to.
Patients with and without previous herpes infections were included in the trial. Epidural morphine may be safer in the presence of maternal immunity inferred from a past history of maternal herpes than in mothers with no previous herpes infection. Maternal antibodies do not necessarily prevent neonatal herpes but can delay or modify it'. Neonates acquire maternal herpes simplex virus-l antibodies which decline to low levels by six months of ages. The maximum neonatal risk, up to 50070, occurs when vaginal delivery occurs during primary maternal herpes 9 • With recrudescent infections, the neonatal risk is 5 % due to reduced viral load, duration of lesion and protective effects of acquired immunity'o.
No control was attempted over parameters known to reactivate herpes-fever, skin trauma, maternal cell mediated immunity, degree of ultraviolet illumination, oestrogen/progestagen fluctuation, stress whether from elective delivery of a fetus with congenital abnormality, or emergency due to maternal or fetal indications.
Each patient was seen daily for five days after delivery, by an independent anaesthetist or infectious diseases nurse. Any perioral papule, vesicle or ulcer was recorded which occurred up to five days after the first dose of morphine. Diagnosis was differentiated from other causes of oral mucocutaneous vesicles and ulcers (trauma, sun and wind burn, epidermolysis bullosa, cutaneous candida, staphylococcal or streptococcal impetigo, aplasia cutis congenita, varicella). Vesicles were de-roofed before crusting, swabbed and the specimen transported in viral transport medium for processing within 24 hours. Herpes simplex was isolated on human diploid fibroplasts and cultured on MRC-5, HEP-2 or Vero cell lines. The virus was typed with HSV-l or HSV-2 antibodies and immunofluorescent microscopy.
Statistical Methods
Frequency distributions and X2 contingency tables were prepared to consider differences in the proportions of patients with postoperative HSL by route of morphine administration, American Society of Anaesthetists (ASA) grade, parity, type of anaesthetic used and past history of herpes infection. Age was considered as both a continuous variable and categorical variable in five-year groups. Wherever numbers allowed, Fisher's exact test was used for these comparisons and where computationally not possible, continuity correction was applied. Mean ages were compared using unpaired Student's t-tests. These analyses were repeated for pruritus as an outcome.
Crude analyses were then refined in a series of logistic regression models which adjusted any differences between epidural and parenteral morphine administration for the potential confounding influences of age, parity, ASA grade, history of herpes, and type of anaesthetic. Results were expressed as odds ratios and 95% confidence intervals. That is, the odds of postoperative HSL in the group receiving morphine epidurally was expressed as a ratio relative to the odds of postoperative HSL in the group receiving morphine parenterally. The outcome of pruritus was dichotomized as "nil" versus "any pruritus" for these adjusted analyses. Significance values, where quoted, were based on two-tailed hypothesis tests. Data were analysed with the statistical computer package SPSS-PC + version 4.0 (SPSS Inc, Michigan).
RESULTS
Five patients were excluded. Two were discharged early before completion of five-day assessment of outcome. Study protocol was not followed in three, but inadequate data were recorded for outcome analysis. There was no evidence to suggest that the five exclusions were systematically different from the included study subjects on the basis of age, parity, ASA grade, type of anaesthetic used, or past herpes history.
A total of 386 patients were randomized to the parenteral route and 425 to the epidural. There were no significant differences between the two treatment groups with respect to age, ASA grade, parity, type of anaesthetic used, or past history of oral herpes.
These results suggest that the randomization process had successfully balanced the two groups with respect to these, and more importantly, other unmeasured characteristics (Table 1) . During the five-day observation, 61 (7.5070) patients had perioral ulcers and vesicles. This does not represent a background prevalence, but rather the influence of morphine by both routes, explained further in discussion.
Success of randomization: comparison of the baseline characteristics of patients allocated to epidural and parenteral routes of administration of morphine
Ignoring the influence of potential confounding variables, significantly more, 5.2% of patients, developed HSL after epidural morphine than the 0.5% of patients after parenteral morphine. Pruritus occurred in similar proportions of both groups, but more patients after epidural morphine required antihistamine or naloxone to soothe their itch ( Table 2 ). 
P<O.OOI
A history of mouth ulcers was highly associated with postoperative herpes labialis. HSL occurred in 7.7% of subjects with, and 1 % of those without a history ( Table 3 ).
The success of randomization suggested that there was little concern that the crude result above might be confounded by age or the other variables. This was indeed true, as the results from the logistic regression models adjusted for age, ASA grade, parity and type of anaesthetic, did not alter the above conclusions that past history of HSL and route of morphine administration were both independent predictors of increased HSL.
While the data suggest that the relative parenteral/ epidural difference in incidence rates of postoperative HSL was greater among those with a positive history of herpes compared with no such history, this comparison did not attain statistical significance (P= 0.361). This was similarly true for analyses of pruritus requiring treatment (P= 1.00) ( Table 4 ).
Three types of mouth ulcers were detected during the postoperative inspections (Thble 5). All culturenegative ulcers were considered nonspecific due to one of nine differential diagnoses listed under "Methods", or due to healing herpes. It was not possible to extend the multi-variate models on which epidural/parenteral risk ratios were compared to include, as a separate outcome, preoperative ulcers. Zeros cause problems in modelling. There was no woman with a preoperative ulcer who was free of postoperative ulcers.
Pruritus was classified into nil; present but not requiring treatment; present and treated with antihistamine or naloxone. Adjusted for history of HSL, those in the epidural group were 5.4 times as likely to experience pruritus requiring treatment as were subjects in the parenteral group (95% Cl for true odds ratio = 2.2-13.5). A crude association between pruritus and HSL was present but disappeared when adjusted for Table 6 ). The addition of adrenaline to solutions used in the epidural space intensifies pruritus". In the present study there was no statistical evidence that any epidural drug affected morphine parenteral/epidural differences in pruritus incidence rates (Table 7 ). During the study one baby died of herpes simplex type 2 (Figure 1) . Until the puerperium, his mother had no herpes antibodies. She had a primary infection at the time of delivery. (She was in the study and had received morphine intravenously.) This illustrates how devastating neonatal effects can result from a primary infection.
Exacerbation of risk for herpes simplex labialis (HSL) and pruritus by past history of oral herpes

DISCUSSION
The overall prevalence of all mouth ulcers, influenced by treatment, was 7.5fl/o (61 of 811). Studies based on history and clinical signs but not laboratory diagnosis have lower'2.11 and higher· prevalence in obstetric populations. In other studies 1 " higher herpes labialis rates were confirmed by laboratory diagnosis. This may be a true geographic difference 14 or reflect deficiencies in our technique of viral collection and transport which would underestimate true herpes infections.
Adjusted for the history of HSL, those in the epidural treatment group were 11.5 times more likely to be diagnosed with herpes mouth ulcers than were subjects in the parenteral group (95 fl/o con fidence interval for true odds ratio = 2.6-49.4).
Our sample may not be representative of all women after caesarean section under epidural anaesthesia. The best estimate of a true relative difference in herpes labialis between epidural and parenteral morphine is 11.5. An estimated difference may differ markedly from sample to sample, but on average, estimates will centre around 11.5. The range of values within which the true estimate falls 95fl/o of the time is given by the confidence interval 2.6-49.4.
Note the different P values for HSL between Tables 2 and 4. Table 2 represents the overall relative difference Anaesthesia and Intensive Care, Vol. 23, No. 4, August, 1995 in herpes labialis based on positive culture in large numbers of women (386 parenteral and 425 epidural). The numbers were adequate to show that it is unlikely that the epidural and parenteral differences are dissimilar by chance alone. The results in Table 4 analyse the same association stratified for a history of oral herpes. There were, in the parenteral group, 272 without and 114 with, and in the epidural, 305 without and 120 with a history. These much smaller denominators result in a consequent drop in statistical power. The 14-fold difference in herpes labialis between epidural and parenteral groups, though greater face value than the five-fold difference in Table 2 , is much less precise and the 950/0 confidence interval includes 1, indicating no statistical difference.
Those with a herpes history were 8.6 times more likely to develop HSL than were subjects without a history (95% confidence interval for true odds ratio = 3.3-22.0). Though past history and choice of route for morphine administration are important predictors, which is more so depends on the outcome investigated. Risk ratios indicate that, for the risk of specific herpes labialis, route of morphine administration is more important than history (11.5 vs 8.6). For a risk of non-specific mouth ulcers after caesarean section, a past history of same carries a greater risk than does choice of morphine route (12.5 vs 5.4). It is not surprising that any congenital, infective or environmental causes of mouth ulcers present before a pregnancy, other than herpes, may cause some of the mouth ulcers after caesarean section.
CONCLUSION
Herpes labialis occurred in 5.2% after epidural morphine and 0.5% patients given parenteral morphine (P<O.OOI). Pruritus occurred in 48% after epidural and 20070 after parenteral morphine (P<O.OOl). 7.7% of patients developed herpes labialis with, but only 1% without, a prior history of oral herpes (P<O.OOI). No association between pruritus and HSL could be demonstrated.
The predisposition to HSL by epidural morphine and a past history is clinically important but not strong in this population. Eighty-six per cent, 103 of 120 patients, with both risk factors, did not develop HSL. An accompanying review article speculates on anatomical and immunological explanations of negative and positive results in this and related reports!5.
No direct neonatal harm or protection seems to result after maternal epidural or parenteral morphine. However, infants of other mothers with no previous Anaesthesia and Intensive Care, Vol. 23, No. 4, August, 1995 infections are vulnerable to any herpes within the obstetric environment. Until we learn specific methods to contain herpes infection, prevention may be the only form of control.
